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Abstract

Water quality assessment of the Neches River and analysis of pathogenic bacterial
contaminants

Samantha Rowe
Thesis Chair: Lance R. Williams, Ph.D.
The University of Texas at Tyler
July 2021
Several waterways have been flagged in East Texas as being bacterially impaired
(containing fecal indicator bacteria), including portions of the upper Neches River. Water
quality is important to support healthy aquatic ecosystems as well as the well-being of
inhabitants near or downstream of a water body. Many factors can contribute to the water
quality of rivers, such as agriculture, recreational use, and urban and industrial growth.
This study examined the water quality of specific branches in the Upper Neches River
including the Neches River above Lake Palestine and Black Fork Creek. All sample sites
were visited during the months of April, May, June, and July 2019. Water quality
assessments were performed including tests of bacterial impairment, dissolved oxygen,
and pH. Fish and macroinvertebrate assays were also completed. The data were used to
calculate water quality indices (index of biotic integrity and index of benthic
macroinvertebrate biotic integrity). Asian Clams, Corbicula fluminea, collected during
the macroinvertebrate assays were used to obtain Escherichia coli DNA. The bacterial
DNA was analyzed by multiplex PCR to determine the presences of virulence genes.
1

Bacterial contamination was detected at all sampling sites during each sampling event at
levels averaging greater than the maximum allowed amount of 126 MPN/100 mL. The BIBI and IBI results suggest impairment of steams not related to habitat degradation. The
bacteria present in our Neches River study sites indicated the presence of strains within
the pathovars enteroinvasive E. coli (EIEC), enterotoxogenic E. coli, enteroaggregative
E. coli, and Shigella species.
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Chapter 1
Introduction and General Information
Background
The quality of surface water and the health of communities living within those
waters are important to determine the function of aquatic ecosystems. Rivers and streams
are closely monitored to estimate how polluted the waterways are and assess proper ways
to handle the pollution sources. There are a variety of parameters which can be negatively
impacted by activities surrounding water sources. The health of aquatic ecosystems is
important to the overall health of the community because water is the basis for most
living organisms and knowing whether there are bacteria present and how this affects the
function of the ecosystem allows for a plan to be developed to improve the quality. The
United States Congress signed the Clean Water Act (CWA) in 1972 stating the
importance of chemical, physical, and biotic integrity of water within the country. The
goal of this act is to restore the integrity of the nation’s waters. As part of this act, streams
within the United States must undergo testing to develop plans to improve the protection
and propagation of fish, shellfish, and wildlife as well as improving water quality
allowing for safe recreation on and in water wherever possible (Congress 2002).
The Neches River, above Lake Palestine, has segments which have been listed on
the Texas 303(d), as part of the CWA. Each state in the country must identify navigable
streams and monitor them regularly to observe any pollution or any other impairment to
water quality. The states are then required to draft a document listing the impaired waters.
To fulfill this requirement, the state of Texas formed a program known as the Clean
3

Rivers Program in 1991. The purpose of this program is to assess the water quality of
streams and rivers throughout the state and provide a document listing the ongoing
studies by each authority over that portion of the state (Texas Commission on
Environmental Quality 2020). A watershed, or basin, is the geographic area in which
water, dissolved materials, and sediments drain into a shared body of water (Texas
Commission on Environmental Quality 2018a). The TCEQ publishes the navigable water
segments in each river basin dividing them into intended uses. The intended use of the
water segment allows for the river authority to determine which water parameters are
necessary to monitor to meet water quality standards.
The sites tested in this study are under the Angelina and Neches River Authority;
they are within the river segment of the Neches River above Lake Palestine within the
Upper Neches Watershed (Figure 1). The three sites are all in the Upper Neches Basin
Highlights Report for 2019 as being intended for recreational use. Waters which are
intended for recreational use are those in which the water is not intended for ingestion but
has a high likelihood of accidental ingestion (Texas Commission on Environmental
Quality 2019). Each of these sites has been placed on the Texas 303(d) for having
bacterial impairment. Bacterial impairment is when indicator bacteria, Escherichia coli
(E. coli), are found in levels above what is acceptable. For recreational use, the
acceptable level of bacteria is 126 MPN (most probable number)/100 mL. In order for
these sites to be listed on the Texas 303(d) for bacterial impairment the sites must contain
bacteria levels above this number (Texas Commission on Environmental Quality 2018b).
Four objectives were examined in this study. The first was to establish the levels of E.
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coli bacteria (MPN) located within TCEQ sample sites in the watershed of the Neches
River above Lake Palestine to determine if bacteria are present within the streams. To
address this objective water samples were collected and brought to an independent
laboratory to determine the bacterial load. The second objective was to determine
whether the TCEQ sites are fit for their intended use and to determine if the impairments
that led to the sites placement on the Texas 303(d) are still present within the streams. If
the E. coli levels in these streams exceed the acceptable level of bacteria (126 MPN/100
mL) then the sites will not be suitable for the intended recreational use based on this
criterion. Likewise, if other metrics such as dissolved oxygen for a river segment remain
depressed beyond the acceptable level of 5.0 mg/L the site will not meet the designation
for recreational use. The third objective dealt with the collection of environmental and
ecological data to determine how ecosystem function is affected by the impairment which
led to the sites placement on the Texas 303(d). This objective was addressed through the
assessment of aquatic communities to determine the health of the ecosystems within the
sampling areas. The fourth objective dealt with the assumption that the indicator bacteria
E. coli would continue to be present within these sample areas and to determine whether
the strain of the bacteria was potentially harmful to individuals participating in
recreational activities within these sites. This objective was addressed by extracting
bacterial DNA from the intestinal tract of Asian clams, Corbicula fluminea, and
conducting a multiplex PCR reaction to detect any virulence genes causing possible
gastrointestinal illness in humans that may be within E. coli strains present in the study
sites.
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Chapter 2
Literature Review: The History of Water Quality Monitoring
Throughout history there is evidence that ancient societies would build
settlements near running freshwaters; however, in early societies humans, Homo sapiens,
would not stay in one place for long (Vuorinen, Juuti, and Katko 2007). Records for early
human groups are scarce because of the lack of written documents. Because of the lack of
records, it is difficult to know when and why people gathered the knowledge that water
quality is important. Looking at early groups, it can be determined that people generally
knew to stay away from water which did not look, smell, or taste pleasant (Vuorinen et
al. 2007). However, once people began to settle permanently and urbanization began, the
quality of water may have begun to decline.
Humans began to grow and cultivate vegetation approximately 10,000 years ago,
thus necessitating staying in one location (Vuorinen et al. 2007). The crops being grown
and harvested resulted in an increased need for water. As these settlements became more
advanced there is evidence of the first purposefully constructed water supply as well as
bathrooms by 1100 BC (Vuorinen et al. 2007). Religions and myths emerging from this
era suggest that water cleanliness was becoming a growing issue. The first recorded event
of sickness caused by water pollution however, did not occur until 470 BC (Vuorinen et
al. 2007). Alcmaeon of Croton suggested that water may have an influence over the
health of people (Longrigg 1998). As history progressed many other philosophers
suggested knowledge that water may have an influence over health, this included
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Hippocrates, Vitruvirus, and Galen (Longrigg 1998). Contamination of water can cause
illness thus the goal of these early philosophers was to alert people of the importance of
keeping their water clean (Vuorinen et al. 2007).
As people began to colonize, they encountered the issues of needing to manage
their excrements. As this began long before the age of Germ theory, they were not at first
aware of the risks associated with not appropriately discarding and treating waste
(Lofrano and Brown 2010). Therefore, the records show that between 3,500-2,500 BC
Babylonian homes displayed some of the first developed sewage systems. These homes
had connected drainage ways between the homes, however, the waste was left exposed
and unrinsed in the streets of the cities (Lofrano and Brown 2010). The systems from this
era may likely be the first instance where people addressed issues with keeping the waste
water out of homes and public areas. The next development seen in history to control
waste being kept near water supplies and cities was in ancient Greece between 300 BC
and 500 AD. Public latrines were used along with collection basins outside the cities, the
waste from the basins were drained into agriculture fields to be used as fertilizers for
crops (Lofrano and Brown 2010). The ancient Greek and Roman people were innovators
in improvement of water quality by boiling water, using settling tanks, and the use of
filters. The methods paved the way for how modern day society deals with wastes
(Lofrano and Brown 2010). In 100 AD the Romans developed alternative ways to use
water such as providing hydraulic power for a flour mill and to use the waste water from
spas to rinse and dilute waste before pouring it into the river (Lofrano and Brown 2010;
Lorenz and Wolfram 2012). Even though the people of Rome were innovative, they did
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not have indoor toilets for people of lower class which caused these people to discard
their waste by tossing it out of a window. This unfortunate form of discarding wastes
carried on for hundreds of years (Lofrano and Brown 2010). The Roman people were
also some of the first to realize that spring water was much healthier for consumption
than surface water and developed a system that allowed for the collection of ground water
(Lofrano and Brown 2010). The people of the village of Rakhigarhi, India, are presumed
to be the first to attempt to treat waste water to avoid pollution in 2500 BCE (Lofrano and
Brown 2010). The people directed waste away from streets in tera cotta pipes and drained
into collection ducts. The solids would settle at the bottom of the ducts and the liquids on
the top had the ability to flow out of the ducts. Once the collection ducts were
approximately 75% full they would be covered and sealed off with stone and bricks
(Lofrano and Brown 2010). There is not enough documentation of early settlers to be
able to see what negative effects may have occurred from inadequate water quality.
However, some records indicate that illnesses caused from unsanitary waste practices
may have been prevalent in ancient societies.
Waterborne pathogens were a major cause for development of water quality
standards (Osborn et al. 2004; Vuorinen et al. 2007). Recent studies suggest that the first
recorded event of waterborne pathogens striking a civilization may have occurred
between 430-426 BC. A large grave was excavated in 1995 and revealed a mass grave
including at least 150 deceased individuals (Papagrigorakis et al. 2006). A recovered
report unveiling symptoms of the plague of Athens, has led scientists to discuss many
reasons for the cause of the plague. A study completed in 2005 utilizing the dental pulp
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of individuals recovered from the grave, suggested that the cause of the plague may have
been a close ancestor to the modern day typhoid bacillus (Papagrigorakis et al. 2006).
The typhoid bacillus, Salmonella typhimurium, is a disease-causing bacteria discovered
by Karl Joseph Eberth in 1880. Before this, however, Karl Liebermeister described the
bacillus as well as theorized that it was transmitted by water contaminated with
excrement from infected patients (Marineli et al. 2013; Seneta et al. 2004). In 1854 a
large outbreak of what is now known as Cholera, caused by Vibrio cholerae bacteria,
occurred in London and a local physician, John Snow, investigated the unknown illness
(Kuna and Gajewski 2017; Osborn et al. 2004). Dr. Snow discovered that all infected
patients were localized to a specific region of London, in which the residents all obtained
their water from a shared well (Osborn et al. 2004). The well was found to be
contaminated with sewage, this was a pivotal point in understanding that contaminated
water could cause serious harm to individuals who ingested it (Kuna and Gajewski 2017).
Thus, leading to the development of methods to ensure good quality in water sources.
As society progressed industrialization and urbanization accelerated and the need
for removal excrement as well as industrial runoff was realized (Lofrano and Brown
2010). This progress allowed for the formation of the dilution paradigm, the idea that
diluting pollutants would render them harmless (Lofrano and Brown 2010). In London, a
major area of intense industrialization and urbanization, they adopted this paradigm and
began pumping pollutants into the Thames river without any form of treatment in the
1800s (Lofrano and Brown 2010).
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As society progressed the acceptance of the dilution paradigm had continued, thus
newly developed pesticides and herbicides were not being regulated and were being
allowed to flow into the environment along with industrial runoff contaminating both
groundwater sources and surface water (Grandjean et al. 2010; Lofrano and Brown
2010). In 1865 Dr. George Edwards described the first cases of poisoning by organic
mercury (Erichson 1895). Almost 100 years later, between the years of 1953-1956 over
30 patients presented to the Minamata health center in Japan with an unknown
neurological disease (Grandjean et al. 2010). The unknown disease was termed Minamata
disease and was discovered to be coming from an industrial plant which used mercury as
a catalyst (Grandjean et al. 2010). However, those inflicted with Minamata disease had
not ingested water from Minamata Bay thus suggesting the mercury poisoning occurred
from something else (Grandjean et al. 2010). The connection between the infected
individuals was their diet of seafood originating from Minamata Bay suggesting that the
dilution paradigm was incorrect and that simply diluting contaminants did not render
them harmless (Grandjean et al. 2010). The rejection of the dilution paradigm opened the
door for the development of the boomerang paradigm. Still accepted to this day, the
boomerang paradigm is the idea that what we put into the environment will come back to
harm us eventually (Lofrano and Brown 2010).
Events Leading to U.S. Water Quality Awareness
The United States was a relatively new developing nation in 1909 when the
Boundary Waters Treaty was signed to ease disputes between the United States and Great
Britain in Canada (Barbiero et al. 2018). Though this treaty did not directly control water
10

quality or set standards for testing, it did include a statement regarding polluting waters
from either party of the treaty (Barbiero et al. 2018). This was one of the first cases of
pollution control within North America. Between 1914-1915 the United States Public
Health Services conducted surveys to understand the extent of pollution on the Ohio
River (Schaetzle 1927). The results of this survey determined that the Ohio river had a
lower concentration of dissolved oxygen than what was necessary to support the
ecosystem downstream of urban environments (Schaetzle 1927). This was the beginning
of a growing concern for the quality of water within the United States.
The pesticide DDT (1,1,1-Trichloro-2,2’bis(p-chlorophenyl) ethane) was first
synthesized in 1874 but its ability to effectively exterminate insects was not discovered
until 1939 (Beard 2006). By 1940 DDT was being used as a pesticide over large
geographic scales both in domestic and military uses. DDT was very effective at killing
insects thus it was an effective tool at lowering the occurrence of insect transmitted
diseases such as malaria. As such DDT was widely accepted and used extensively;
production and use were so common place manufacturing companies ran advertisements
on the television to encourage consumer usage (Beard 2006). DDT was being applied to
massive regions of the United States including agricultural fields. Application of DDT
was to fields was accomplished using airplanes that dumped the chemical without
approval from American land owners (Kroll 2001). In 1957 a bird sanctuary in
Massachusetts was sprayed with DDT by a plane, this sanctuary was owned by a woman
named Olga Huckins (Carson 1962). She was enraged by this as she thought the DDT
harmful to the birds. Nothing she did could stop the DDT application thus she wrote a
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letter to her friend Rachel Carson. Ms. Carson’s environmental advocacy work would
prove to be a major factor in the development of environmental standards. Silent Spring
was a book written by Ms. Carson which highlighted the detrimental effects pesticides
were having on the environment. It reached the hands of the public because the writing
was easily comprehended by individuals outside of the scientific community (Bishop
2012). The effect of DDT was found to be the same in birds that it was in insects, it
followed the same pattern of symptoms and resulted in death, (Beard 2006). Carson
named her book after the silence that occurs without the bird’s songs (Carson 1962). The
rise in awareness that Silent Spring brought to contaminants in the environment set forth
the foundations needed to try and undo the damage that was caused by pesticides.
History of Governmental Involvement in Water Quality Standards in the United
States
Britain was the first country to enact laws which regulated water to help prevent disease
(Barbiero et al. 2018). In the United States, as the country developed, waters were a
major factor in transportation across the country because of their abundance and
convenience (Hines 2012). In 1886 the U.S. Congress enacted an order to manage waste
affecting the navigation of waters branching from the harbors of New York City. This act
was the basis for what would become the Rivers and Harbors Act of 1899 (Hines 2012).
The Rivers and Harbors Act allowed enforcement throughout all the nation’s harbors and
also applied to those waters which were not necessary for navigation. However, this act
did not allow for regulation of liquid waste from sewage systems or storm drains. In 1912
the Public Health Service began a study to identify connections between navigable waters
12

and ill individuals. The discovery of these connections led to the implementation of
chlorination standards as well as water treatment standards to improve the drinking water
of the people (Hines 2012). The Oil Pollution Act prevented the discharge of oil and
other harmful contaminants from ships into coastal waters beginning in 1924. This act
greatly helped to improve water quality and inspired reformation of the laws in order to
improve water quality. A number of bills were passed through the government in the
following years to create federal regulations on water quality improvements and upkeep
(Hines 2012). The first Water Pollution Control Act passed and was signed into action in
1948 and was allowed to run for 5 years. This act was not effective for a variety of
reasons, the first being that it did not allow for funding in the first year after the act was
passed. Each state was to decide whether it was necessary and how much funding would
be needed in order to improve their waters (Congress 1948). Second, the act did not
provide specifics on how each state should improve the qualities of its water. Lastly, was
the lack of legislation to hold the states accountable for following the regulations set forth
(Hines 2012). Congress extended the length of the act to 1956 because of a slow start and
lack of accomplishment. In 1955 Congress was forced to look into reforming and
developing a more permanent solution to control pollution entering the waters of the
nation (Hines 2012). In 1972 the variety of amendments to the Water Pollution Control
Act allowed the federal government to have a larger, more controlling, part in regulation.
This new act mandated that each state dedicate a section of its government to coordinate
and ensure compliance of the new laws. The new agencies of each state were now
required to conduct ongoing surveys of navigable streams in each watershed located
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within the regions. If water quality did not meet specific conditions laid out by the act, a
plan was required to be developed to identify the source of contaminate and designate a
plan of action to improve quality within the area (Congress 2002).
Development of Water Assessments in Streams
Dissolved oxygen was one of the first components of water quality to be assessed.
By assessing the dissolved oxygen of streams the overall quality could be extrapolated
(Slack 1971). However, the dissolved oxygen levels within a stream may fluctuate greatly
over the course of a single day as well as with temporal regions and seasons. For this
reason, measuring dissolved oxygen frequently is the best method for its assessment
(Slack 1971). During the day when temperatures are higher, and sunlight is present,
dissolved oxygen is at its highest. During the night when the temperature drops, and
sunlight is not present aquatic flora absorb the available oxygen and dissolved oxygen
levels drop. Most dissolved oxygen standards, including those specified for the Clean
Water Act, specify a minimum dissolved oxygen level. Most often dissolved oxygen
samples are taken during the day time at the highest dissolved oxygen periods (Slack
1971). For areas of high pollution, a greater fluctuation in dissolved oxygen is seen
throughout the day and the overall dissolved oxygen levels will be lower than those
present within unpolluted streams (Slack 1971). Low dissolved oxygen levels impact the
ability for aquatic life to occur as well as indicate the amount of solute, such as iron and
manganese (Slack 1971).
The temperature of water sources can play a large role in the quality of the system
(Zlatanović, van der Hoek, and Vreeburg 2017). The solubility of water changes as the
14

temperature changes, therefore, water with a higher average temperature may have more
solutes within it, that may not be visible, than water with a lower average temperature.
Many bacteria thrive in warm wet environments, so a body of water that is too warm may
have an increased chance of high bacteria load (Zlatanović et al. 2017). On the other
hand, water that is too cold will not have as many species that are adapted to live within
that temperature range (Zlatanović et al. 2017). Low temperatures can be deadly for
many aquatic species.
Bacteria load is another important metric for water quality. Initially fecal coliform
was used as an indicator for contamination of a stream from excrement, either from
humans or from animals (Said, Stevens, and Sehlke 2004). Waters with high counts of
fecal coliform are not safe for human ingestion either intentionally or inadvertently
through recreational activities. These waters have a high probably of containing a
pathogenic organism (Said et al. 2004). Recently E. coli has been adopted as the most
used bacteria for indication of fecal contamination. Some E. coli strands have the
potential to be pathogenic but most naturally occurring forms are not (Congress 2012).
The presence of E. coli indicates a high chance of a fecal pathogen being present
(Congress 2012).
Other commonly used metrics of water quality include conductance, turbidity, and
pH. Conductance represents the salinity of the stream (Said et al. 2004). The conductance
can be used to calculate the number of dissolved solids within the stream. Turbidity level
is a metric of the presence of larger particles within the stream system which may have
negative effects on habitat types as well as an increased rate of erosion from the stream

15

(Said et al. 2004). The pH of the water can indicate the quality as well by measuring the
amount of hydrogen ions present within the stream. High numbers of hydrogen ions
indicate that the water is acidic and may be unsafe for the survival of most aquatic flora
and fauna (Said et al. 2004). Low numbers of hydrogen ions indicate an increased amount
of hydroxide ions. These hydroxide ions are a measurement of how alkaline the stream is
which can also be fatal for most aquatic species. When the hydrogen and hydroxide ions
are in equal amounts, the solution is neutral (Said et al. 2004). Most aquatic species can
survive in pH levels between 6 and 7 (Said et al. 2004).
As part of the Clean Water Act, States must develop a total daily maximum load
(TMDL) of the pollutant indicated for rectifying water quality. In order to calculate the
TMDL a complex assessment of point sources and non-point sources must be conducted
(Hall et al. 2014). Point sources are a single point in which a contaminant is added to a
stream, non-point sources are those pollutants which are not from a single fixed source.
The calculation of these sources is imperative to the development of the TMDL,
however, identifying all point sources of pollutants can be a challenging task for large
watersheds (Hall et al. 2014). To combat this problem each state is required to separate
their watersheds into smaller sub watersheds. The state governmental agency heading the
Clean Water Act deliverables should divide the responsibilities of the Clean Water Act
between the statewide sector and the individual regions (Hall et al. 2014). Each region of
a watershed that is listed as impaired and determined to need remediation must receive its
own TMDL. The TMDLs, upon completion, will be sent to congress for approval before
any action is taken (Hall et al. 2014).
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Biological Survey Development
The metrics described thus far are all physiochemical and are acceptable for
indicating overall water quality, however they do not include biological surveys to assess
how the living organisms are thriving in the waters (Karr 1981). Using biological
assessments can provide researchers with the ability to examine ecosystem health and
integrity in relation to the physiochemical parameters (Park and Hwang 2016). A variety
of organisms can be used to assess the health of the ecosystem. Many researchers argued
that both diatoms and benthic invertebrates are the best organisms to use for biological
surveys (Karr 1981). The specificity of these organism to physiochemical properties of
water make them good biologic assessment subjects, however, Karr argued in 1981 that
they had many disadvantages (Karr 1981). These disadvantages include that both
invertebrates and diatoms are time consuming and take special expertise to identify to
family level, background life-history information may be lacking, and the results are not
meaningful to individuals of the general public (Karr 1981).
Karr argued that there were many advantages for using fish as biological
indicators for assessments. He listed those reasons as follows, life-history information for
most fish species is present and extensive. This means that the life cycles of these
individuals are known and thus the location of their represented life stages could be taken
into consideration in respect to location of pollution. Fish communities typically include
a diverse variety of species within a given ecosystem allowing for an accurate assessment
of the ecosystem to be examined. These communities typically include individuals from
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all levels of trophic structure allowing for a representative sample to be obtained (Karr
1981).
Identifying fish species is relatively easy and can be learned quickly requiring no
specialized expertise for researchers (Karr 1981). The ease of identification for fish
makes them excellent individuals to be identified and released in the field allowing a no
kill method to be utilized. Fishing is a sport enjoyed by a large number of individuals in
the general public and thus the use of fish for water quality studies is very relevant in the
public eye (Karr 1981). Acute toxicity and stress effects are easily identified in fish
communities. Fish occur in almost all stream types with the exception of those with very
high concentrations of pollutants (Karr 1981). The results of biological surveys with fish
can be applied to the majority of the waters under study by the Clean Water Act, thus
giving them a legal reason to be the organism of choice (Karr 1981).
Karr also states a number of disadvantages of using fish as the monitored species
including the number of people required to sample fish. In order to get an accurate
sample size for fish a relatively large field crew is needed to ensure collection of most
fish within the sample area (Karr 1981). Another disadvantage includes the difficulty of
sampling at appropriate seasonal times to ensure an accurate sample of the species
abundance is calculated. Fish are also highly mobile creatures in the water which makes
them difficult to accurately sample (Karr 1981).
In Karr’s 1981 article he described his proposed, now accepted, methods for
evaluating fish communities. He began by developing a system designating the
communities be grouped into one of six classes including: excellent, good, fair, poor,
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very poor, and no fish. He described the use and importance of species composition and
richness as a criterion in the assessment. He stated that the thought behind using these
simplistic metrics allowed for each species to be considered independently of other
factors in ways that commonly used metrics do. He sub-categorized this metric as
follows: number of species, presence of intolerant species, species richness and
composition of darters, species richness and composition of suckers, species richness and
composition of sunfish, proportion of green sunfish, and proportion of hybrid individuals
(Karr 1981). The other metric Karr suggested was important was ecological factors which
can viewed using the trophic levels which occur within communities. These metrics
including the proportion of individuals that are omnivores which increases as the quality
of a site declines. Other ecological factors include proportion of the community that is
insectivorous, the presences of top carnivorous species, and the frequency of individuals
with disease or deformity (Karr 1981). His suggestion that the following sub-parameters
could be used to get a generalized approximation of production and consumption
dynamics. The trophic metrics he suggests using include: number of individuals in the
sample, proportion of omnivores, proportion of insectivorous cyprinids, proportion of top
carnivores, and proportion with disease (and other abnormalities) (Karr 1981).
Throughout Karr’s paper he highlights the importance of adjusting the model to fit the
specific geographic location of the study. This is of utmost importance as fish species are
constrained to the geographic setting of the stream. The index must be compared to what
the community composition would be without human interference (Karr 1981).
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Chapter 3
Virulence Genes of Escherichia coli
Escherichia coli is one of the many commensal bacteria contained within the intestinal
tract of most mammalian species. E. coli is one of the first microorganisms to colonize
the intestinal tract of infants of many within this group (Bettelheim 2000; Peruski et al.
1999; Servin 2014; Stromberg et al. 2018). As E. coli is a model species it is very well
studied and much is known about the molecular biology of this organism; however, one
issue that has been gaining much interest in the recent years is the methods and causes of
the pathogenicity relating to some strains of the bacterium (Carter et al. 2016; Pasqua et
al. 2017; Stromberg et al. 2018; Zangari et al. 2013). It has been recorded throughout
history that the organism has the ability to cause severe illness and high mortality rates,
particularly in underdeveloped countries as well as within infants and young children
(Carter et al. 2016; Croxen and Finlay 2010; Pasqua et al. 2017; Peruski et al. 1999;
Zangari et al. 2013). It has also been detailed in many locations that contraction of the
bacteria can occur through the ingestion of contaminated water or food sources. The most
well-known infection mechanism of the E. coli bacteria is the cause of mild to severe
bloody diarrhea in both immunocompromised and healthy individuals; this group of
bacteria is grouped into what is known as diarrhoeagenic E. coli (Croxen and Finlay
2010; Peruski et al. 1999). This group of E. coli is farther divided into five pathogenic
variants (pathovars): 1)- enterohaemorrhagic E. coli (EHEC, also referred to as
verocytotoxin-producing E. coli (VTEC) or Shiga-toxin producing E. coli (STEC)), 2)
enteropathogenic E. coli (EPEC), 3) enterotoxigenic E. coli (ETEC), 4) enteroinvasive E.
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coli (EIEC), and 5) enteroaggregative E. coli (EAEC). These pathotypes have been
differentiated from Gram-positive bacteria through selective plating methods; however,
to determine the specific pathovar further morphological, phenotypic, and genetic
characteristics must be examined (Croxen et al. 2013). The determination of the
pathovars is based on the presences of genes that allow for the expression of virulence
attributes that helps them to cause disease through differing mechanisms dependent upon
the trait. These genes have been attained through phages, plasmids, lateral gene transfers,
or mutation events, thus causing these pathotypes to not share a genetic ancestor allowing
for simple molecular determination (Leimbach, Hacker, and Dobrindt 2013).
Understanding the pathogenic mechanisms of these pathovars is key to developing new
molecular methods for rapid identification of samples.
Enterohaemorrhagic E. coli
Enterohaemorrhagic E. coli (EHEC) has the ability to produce verocytotoxins
(VT), also known as Shiga toxins (Donnenberg and Whittam 2001; O’Sullivan et al.
2006). The typical method for infection of EHEC is via fecal-oral contact, and symptoms
can vary ranging from non-bloody diarrhea, to hemorrhagic colitis (bloody diarrhea) as
well as hemolytic-uremic syndrome (Donnenberg and Whittam 2001; Kaper, Nataro, and
Mobley 2004; O’Sullivan et al. 2006). The genes that encode the VT (the Stx genes) are
commonly used for detection of EHEC. The production of VT can be broken up into two
gene families of Stx, Stx1 and Stx2. The Stx1 subgroup is common in most VTECs where
as Stx2 is less common and located on a separate chromosome. These toxins attack the
28s rRNA causing cell death due to the cessation of protein production. This typically
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occurs in endothelium cells and can lead to some of the symptoms associated with EHEC
(Donnenberg and Whittam 2001).
In addition to VT, EHEC can exhibit the production of A/E lesions which can
allow for the attachment of bacteria to epithelial cells in the intestines causing bloody
diarrhea (Brandal et al. 2007; O’Sullivan et al. 2006). The production of lesions causes
destruction of the brush boarder microvilli causing symptoms of EHEC. The production
of the protein intimin is necessary for the production of A/E lesions and is coded for by
the gene eaeA (Brandal et al. 2007; O’Sullivan et al. 2006). The presence of Stx1, and/or
Stx2, and/or eaeA in this study characterizes the presence of EHEC.
Enteropathogenic E. coli
Enteropathogenic E. coli (EPEC) have the samy syptomes as EHEC at both the
pathological and histological level, in fact they are closely related because both strains
produce attaching and effacing lesions mediated by intimin (Donnenberg and Whittam
2001; Kaper et al. 2004; O’Sullivan et al. 2006). They are differentiatied from EHEC
strains because they do not produce VT; therefore, if only eaeA is present the strain
should be classified as EPEC (Brandal et al. 2007; Donnenberg and Whittam 2001; Kaper
et al. 2004).
Contraction of EPEC has been linked to consumption of contaminated food or
untreated water and the symptoms can range from mild to severe diarrhea and can be a
leading cause in cases of infantile diarrhea (Croxen et al. 2013; O’Sullivan et al. 2006).
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Enterotoxigenic E. coli
Enterotoxigenic E. coli (ETEC) can be characterized by the use of colonization factor
agents (CFAs) that adhere to the surface of epithelial cells of the small intestine
(O’Sullivan et al. 2006). ETEC can cause mild, watery diarrhea causing minor
inconvenience to severe purging disease. ETEC is the major cause of traveler’s diarrhea
worldwide caused by consumption of contaminated waters (O’Sullivan et al. 2006).
ETEC uses CFAs to colonize the mucosa of the small intestine and then produces one of
two groups of toxins to impact the cells (Kaper et al. 2004; O’Sullivan et al. 2006). The
two groups of toxins are heat-liable enterotoxins (LTs) and heat-stable enterotoxins
(STs). LTs can disrupt chloride channels of epithelial cells causing increased chloride
secretion resulting in diarrhea (Kaper et al. 2004). STs can be divided into two subgroups STI and STII. Only the toxins within group STI have been linked to disease in
humans; those toxins within STII are linked to disease in piglets (Brandal et al. 2007;
Kaper et al. 2004). STIs can interfere with cGMP-dependent or cAMP-dependent kinases
and can thus impact secretion rates leading to diarrhea (Kaper et al. 2004). ETEC strains
can possess one or more toxins from either group or may possess toxins from both groups
(Brandal et al. 2007; Kaper et al. 2004; O’Sullivan et al. 2006). For this study, we utilize
the presence of either (or both) LTI or STIb to indicate the presence of ETECs.
Enteroinvasive E. coli
Enteroinvasive E. coli (EIEC) express an invasive plasmid agent present which
allows for entry into epithelial cells and for the ability to transfer from cell to cell (Kaper
et al. 2004; O’Sullivan et al. 2006). EIEC are transmitted through the fecal oral route and
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can cause a mild form of dysentery which is indistinguishable from dysentery caused by
the Shigella species (O’Sullivan et al. 2006). EIEC are genetically and pathogenically
closely related to Shigella spp. (Brandal et al. 2007; Croxen et al. 2013; Kaper et al.
2004; O’Sullivan et al. 2006). The EIEC/Shigella pathogenesis occurs as a result of a
plasmid encoding a type III secretion system, which can secrete proteins assisting in
epithelial signaling events, cytoskeletal rearrangements, cellular uptake, as well as other
mechanisms causing the symptoms of dysentery (Kaper et al. 2004; O’Sullivan et al.
2006). The detection of ipaH indicates the presence of the invasive plasmid agent and
indicates that the sample contains either EIEC or Shigella (Brandal et al. 2007; Kaper et
al. 2004).
Enteroaggregative E. coli
Enteroaggregative E. coli (EAEC) are characterized by the distinctive “stacked,
brick-like” manner in which they adhere to tissue culture cells (Kaper et al. 2004;
O’Sullivan et al. 2006). Ingestion of contaminated food or water can cause contraction of
infection caused by EAEC which is most prevalent in immunocompromised individuals,
EAEC has been implemented as the major cause of persistent diarrhea (Croxen et al.
2013; Kaper et al. 2004; O’Sullivan et al. 2006). Most EAEC contain the AA plasmid
which codes for several virulence factors allowing for adherence to the mucosal surface
of the intestines. Once the bacteria has adheres to the mucosa toxins are produced which
can cause damage to the epithelial cells of the intestines (Brandal et al. 2007; Kaper et al.
2004). The AggR gene is a transcriptional activator for the AA plasmid and when present
indicates the sample contains EAEC (Brandal et al. 2007; Kaper et al. 2004).
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Chapter 4
Materials and Methods
Study Area
The study sites were determined by the Texas Commission on Environmental Quality
(TCEQ) to evaluate the impairment level of three Neches River segments above Lake
Palestine. The TCEQ divides the waterways into regions determined by their
corresponding watersheds. The watersheds are then divided again into classified
segments allowing for individual evaluation and management of the large number of
waterways within the state (Texas Commission on Environmental Quality 2018a). All
three of the study sites are located within the Upper Neches River Basin within the
classified segment 0606 corresponding to the Neches River above Lake Palestine. The
segments are again subdivided by the specific region within the segment that does not
meet one or more surface water quality parameters listed as Assessment Units (AU) in
the Texas 303(d) (Texas Commission on Environmental Quality 2020).
Site 1 The first site examined was located Northwest of the city of Tyler on
county road 46. This site is located along the stream known as Black Fork creek which
runs through the city of Tyler, Texas and downstream (Figure 1). Black Fork creek flows
west into Prairie Creek which flows approximately 10 km to the south before joining the
Neches River (Perttula and Nelson 2011). This site is located within the Neches River
Basin (segment 0606 Neches River Above lake Palestine). The TCEQ AU associated
with this site is 0606D_02 and the TCEQ monitoring site number is 10522. This location
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is surrounded by rural houses as well as land used for agricultural cultivation. This site
did not have easy accessibility and does not appear to be utilized by the community for
recreational purposes. This segment first appeared on the 2012 Texas 303(d) for bacterial
impairment and was designated as being utilized for recreation (Texas Commission on
Environmental Quality 2020).
Site 2 The second site under study, was located along a major roadway with
heavy traffic. This site was located along the Neches River on highway 64, 10 miles west
of Tyler, Texas (Figure 1). The Neches River Basin drains an area approximately 26,000
square km and flows southeast beginning in Van Zandt county and emptying into the
Gulf of Mexico (Glen 2017). This site is located within the classified segment 0606
Neches River Above Lake Palestine, the associated AU is 0606_02 and the TCEQ
monitoring site number is 10597. This site is at a great risk of pollution from vehicular
traffic. The surrounding areas are utilized for agriculture as well as rural housing. This
site is not downstream of the first site and does not flow through the city of Tyler. This
segment was added to the Texas 303(d) in 2014 for containing elevated levels of
indicator bacteria and is also designated for recreational use (Texas Commission on
Environmental Quality 2020).
Site 3 The third site was located approximately 1 mile east of Chandler Texas off
highway 31 (Figure 1). This site is located within the classified segment 0606 Neches
River Above Lake Palestine, (TCEQ AU 0606_01), the TCEQ monitoring site number
10595. This site is located at a public city park granting the public access to the Neches
River. Individuals were observed fishing, kayaking, and boating along the river at this
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site. This site was difficult to access because of the depth and rate of flooding (Figure 2).
This site is highly susceptible to pollution due to public access and its location off a
major highway just outside of the city of Chandler, Texas. This site was located
downstream of both sites one and two as well as downstream of the city of Tyler. This
segment was added to the Texas 303(d) in 2014 for elevated levels of indicator bacteria
and is also designated for recreational use (Texas Commission on Environmental Quality
2020).
Sample Collection
Water Quality Metrics Water samples and water quality metrics were collected
on a schedule determined by TCEQ throughout the months of April through July of 2019.
Sample sites 1 and 3 were sampled two times a month while sample site 1 was only
sampled one time per month. Water samples were collected in accordance with the TCEQ
Surface Water Quality Monitoring Procedures Volume 1: Physical and Chemical
Monitoring Methods for Water, Sediment and Tissue (RG-415) (Texas Commission on
Environmental Quality 2008). Water samples were collected through either a cup in
wadable streams or a bucket from a bridge in non-wadable streams and transferred to a
sterile sample bottle provided by Analytical Environmental Labs, Tyler, Tx and kept on
ice until delivery to their facility within four hours of sample collection. The laboratory
determined the limit of quantification of Escherichia coli (E. coli) and coliform bacteria
within the given samples. Water metrics were also taken at each site including
temperature, dissolved oxygen, pH, conductivity, and total suspended solids using a
Hydrolab MiniSonde 4a (Hydrolab, Loveland, CO). Flow data was collected through the
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use of a Marsh-McBirney Flo mate 2000 (Marsh-McBirney, Fredrick, MD). Habitat data
were recorded in using the TCEQ habitat quality index (HQI). The HQI is completed
using habitat parameters including available instream cover, bottom substrate stability,
number of riffles, dimensions of largest pool, channel flow status, bank stability, channel
sinuosity, riparian buffer vegetation, and aesthetics of reach (Texas Commission on
Environmental Quality 2007).

Fish and Macroinvertebrate Samples Fish and macroinvertebrate samples were
collected on dates separate from the water collection. Sites 1 and 2 were sampled on both
July 12th, 2019, and August 7th, 2019, while site 3 was only sampled on July 12th, 2019.
Fish samples were collected through the use of an electrofishing backpack and dipnets.
Sampling was conducted moving upstream for a length of approximately 100 meters.
Fish samples were anesthetized immediately following collection with tricaine methane
sulfonate and preserved in a 10% formalin solution. After one week the fish were rinsed
from the formalin solution and preserved in 70% ethanol. Fish samples were used to
calculate the index of biotic integrity (IBI) which incorporates metrics within categories
of species richness and composition, trophic composition, and fish abundance and
condition to assess the health of the ecosystem. The metrics within the species richness
and composition category include number of fish species, number of native cyprinid
species, number of benthic invertivore species, number of sunfish species, number of
intolerant species, and number of individuals as tolerants. Metrics under the trophic
composition category include number of individuals as omnivores, number of individuals
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as invertivores, and number of individuals as piscivores. The metrics under the fish
abundance and condition category includes number of individuals collected during
electrofishing, number of individuals collected during seine collection, number of
individuals in the sample, number of individuals as non-native species, and the number of
individuals with disease or anomaly (Texas Commission on Environmental Quality
2007).
Benthic macroinvertebrate communities were collected through grab sampling
utilizing D-frame kick nets and substrate sampling using a surber sampler. Grab sampling
was conducted completing 20 jabs across the 100-meter sampling area. The surber
sampling was done at a single location at each sampling site for a total of 5 minutes. All
macroinvertebrate samples were fixed in the field using 70% ethanol and taken back to
The University of Texas at Tyler’s campus for identification. Asian clams (Corbicula
fluminea) identified within the collected samples were separated and utilized for DNA
extraction. Macroinvertebrates samples were used to calculate the benthic
macroinvertebrate biotic index (B-IBI). The river segments are given aquatic life use
designations dependent upon their scores for the following metrics: taxa richness,
ephemeroptera plecoptera and trichopteran (EPT) abundance, Hilsenhoff biotic index
(HBI), percent of individuals within Chironomidae taxa, percent of individuals within the
dominant taxa, percent of individuals within the dominant functional feeding group
(FFG), percent of individuals as predators, the ratio of intolerant taxa to tolerant taxa, the
percent of total Trichoptera as Hydropsychidae, the number of non-insect taxa, the
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percent of individuals within the collector-gatherer FFG, and the percent of total number
within the taxa Elmidae (Texas Commission on Environmental Quality 2007).
Virulence Gene Detection
DNA Extraction Asian clams collected during macroinvertebrate sampling were
utilized for DNA extraction. Qiagen’s QIAamp DNA micro kit was utilized to perform
the extractions (Qiagen 2014). The tissue was prepared by extraction from the shell and
blotting dry with sterile chem wipes. The tissue was then cut using a sterile surgical
scalpel to obtain the smallest pieces possible. Varying amount of tissue were transferred
to sterile microcentrifuge tubes depending on the available amounts of tissue. Varying
sizes and numbers of clams were used to achieve at least 1.0 mg of cut intestinal tract
tissue (Table 1). The DNA purification of tissues protocol from the QIAamp DNA mini
and Blood mini handbook was used with minor changes as follows (Qiagen 2016). All
samples were allowed to lyse in proteinase k overnight for approximately 16 hours.
Carrier RNA, provided in the extraction kit and prepared via manufacturer instructions,
was utilized in all sample extractions to enhance the binding of DNA to the membrane of
the spin column. Following the addition of carrier RNA, the samples were allowed to
incubate at 70°C for 10 minutes. The DNA wash steps were completed twice for each
wash to reduce salt contaminates in the final product. The elution buffer incubated on the
column membrane for 5 minutes prior to spinning. DNA concentrations were measured
via nanodrop.
Multiplex PCR DNA extraction samples with concentrations above 20 ng/µl
were chosen to be analyzed for the presence of pathogenic E. coli contaminants. Primers
30

were selected based on work from Brandal et al. (2007) and ordered from Integrated
DNA Technologies (Table 2). To begin the multiplex reaction a primer mix containing
the forward and reverse primers of each primer set. Each primer, both forward and
reverse, for the genes Stx1, Stx2, eaeA, LTI, ipaH, aggR, and rrs were added to the
mixture to create a final concentration of 0.2 µM, while the forward and reverse primers
for the gene STIb was added to achieve a final concentration of 0.4 µM. To create the
reaction mix for the PCR, the Qiagen Multiplex PCR kit was utilized with 25 µl of master
mix, 5 µl of primer mix, and 17 µl of water was mixed with solution equal to 10% that of
what is required for the number of reactions ran. In sterile PCR tubes 47 µl of reaction
mix was added along with 3 µl of template DNA. The PCR cycling conditions were
based on the novel PCR from Brandal et al. (2007) but was optimized for this
experiment. The reaction was conducted with an initial heat activation step at 95°C for 15
minutes, followed by 45 cycles of a 3-step process. The first step being a denaturation
step at 94° C for 30 seconds, the second step being an annealing step at 57°C for 90
seconds, and the third step being an extension step at 72°C for 90 seconds. Following the
45 cycles a final extension step was completed at 72°C for 10 minutes. The samples were
then set to be held at 4°C until removed. PCR results were analyzed by agarose gel
electrophoresis. An agarose gel was made using 1 gram of agarose, 50 ml of buffer TAE,
and 10 µl of ethidium bromide. The gel was run at 140 volts for 1 hour and visualized
under UV light for analysis with the quick-load purple 100 base pair DNA ladder from
New England BioLabs used to estimate band size.
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Chapter 5
Results
Indicator Bacteria Levels
Escherichia coli levels measured at each site during the summer of 2019 never
dropped to zero and were consistently showing bacterial contamination. Sampling sites 1
and 2 had higher levels of E. coli contamination than that of sample site 3 (Figure 3). The
highest levels of bacterial contamination were measured at sites 1 and 3 on April 30th,
2019, measuring at 2400 MPN/100 mL. The lowest measured value of bacterial
contamination was on May 14th, 2019, at site 2 (Figure 3). Site 1 at Black Fork creek was
the site that had the highest amount of bacterial contamination with two peaks in
concentrations one on April 30th, 2019, at 2400 MPN/100 mL and a second peak on June
25th, 2019, of 2200 MPN/100 mL. The average concentration at site 1 was 951.25
MPN/100 mL (Figure 3). At site 2 water samples were only collected once a month
instead of twice a month so less data were available for analysis; however, indicator
bacterial levels were lower at this site than the others with the highest value measured at
this site being 290 MPN/100 mL and the average concentration being 215 MPN/100 mL
(Figure 3). The E. coli levels at site 3 were also high with a high of 2400 MPN/100 mL
and an average of 525.9 MPN/100 mL. While each of the sites contained bacterial levels
that were higher than the acceptable maximum level for recreational waters, all three sites
had a general negative trend showing that the bacterial levels were decreasing across the
sampling time (Figure 3).
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Impairment Assessment
At almost all sampling events the E. coli levels measured higher than the
acceptable maximum level for recreational sites of 126 MPN/100 mL, none of the
average bacterial concentrations were below that number. During the month of May
2019, the bacterial levels at sites 2 and 3 were below 126 MPN/100 mL. On May 14th,
2019, the bacterial levels measured 90 MPN/100 mL at site 2, while on May 28th, 2019,
the levels of E. coli measured 100 MPN/100 mL (Texas Commission on Environmental
Quality 2018b) (Figure 3). The levels at site 1 were only below 126 MPN/100 mL on
June 11th, 2019, measuring at 190 MPN/100 mL, likewise, on that date the E. coli levels
at site 3 were 110 MPN/100 mL. On July 9th, 2019, at site 3 the indicator bacteria levels
measured 97 MPN/100 mL. Looking at the dissolved oxygen levels at site 2 all recorded
events measured above the absolute minimum average of 4.0 mg/L with the exception of
the value taken on July 9th, 2019, which was equivalent to 3.86 mg/L (Figure 3). The
average dissolved oxygen recorded during the sampling period was 5.21 mg/L which is
above the absolute acceptable minimum (Texas Commission on Environmental Quality
2018b)(Figure 4). The pH level at site 2 was also recorded to see if it was within the
acceptable range of 6.0-8.5. Looking at the data collected all the recorded measurements
fell within this range (Texas Commission on Environmental Quality 2018b). The average
recorded pH of 7.35 was also within the acceptable range (Figure 4).
Water Quality Assessments
There were 26 families of macroinvertebrates collected across three sampling
sites on July 12th, 2019, with a total of 1388 individuals collected (Table 3). Of the 1388
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individuals 722 of them were collected at site 1. Those 722 individuals were collected by
kick nets and surber sampling with 387 being collected by kick net and 334 by surber. Of
the 1388 individuals collected on July 12th, 2019, 479 of these were collected by both
kick net and surber sampling at site 2 (Table 3). Kick net allowed for collection of 181
individuals, while surber allowed for collection of 298 individuals at site 2 on this date.
The other 187 of those 1388 individuals collected on July 12th, 2019, were collected at
site 3 by kick net only (Table 3). A score was calculated as an Index of Benthic
Macroinvertebrate Biotic Integrity (B-IBI) for each of these sites allowing for a
numerical water quality score and an aquatic life use (ALU) attainment status. For all
three sites on July 12th, 2019, when looking at the kick net collections the B-IBI score
was 20 and the ALU was designated as limited (Table 4). When examining the surber
sample collection for site 1 the B-IBI score was 19 with an ALU of limited, while the
surber sample from site 2 resulted in a B-IBI score of 21 and an ALU of intermediate
(Table 4). Macroinvertebrate sampling on August 7th, 2019, was only conducted at sites 1
and 2. A total of 21 families of macroinvertebrates were collected at these two sites on
this date resulting in a total of 1122 individuals (Table 5). A surber sample was only
collected at site 1 on this date resulting in 485 individuals from the 688 total collected at
this site. The other 203 individuals collected at site 1 on August 7th, 2019, were collected
by kick net. The 434 other individuals from August 7th, 2019, were collected at site 2 by
kick net (Table 5). The B-IBI score for the kick net at site 1 during August 2019 was 20
with an ALU designated as limited and the B-IBI score for site 2 was 21 and had an ALU
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designated at limited (Table 4). The surber sample taken at site 1 during August 2019
resulted in a B-IBI score of 29 giving a designated ALU of intermediate.
Fish samples were collected at sites 1 and 2 during July and August of 2019
(Table 4). During this sample period a total of 20 fish species were collected with a total
of 120 individuals. For site 1, only the fish collected on July 12th, 2019, were utilized for
analysis because of unusual degradation and loss of samples from the second sampling
date. Of the 120 individuals 42 were collected at site 1 during July 2019 (Table 6). At site
2 a total of 48 individuals were collected during July and 30 were collected during
August 2019 (Table 6). An Index of Biotic Integrity (IBI) was used to assess the water
quality as a measurement of fish communities. The IBI score for site 1 was 40 giving an
ALU of intermediate during July 2019 (Table 4). At site 2 during July the IBI score was
32 giving an ALU of limited. During August 2019, however, the IBI score at site 2 was
42 and the ALU was designated as high (Table 6). A Habitat Quality Index (HQI) was
also calculated during the July sampling event to assess the quality of the habitat
available to the aquatic life. The HQI score for sites 1, 2, and 3 on July 12th, 2019, were
all between 20-23 and gave an indication of a high amount of habitat available at each of
the three sites (Table 7).
Multiplex PCR
The multiplex PCR results were analyzed using a 2% agarose TAE gel containing
Ethidium Bromide to visualize the DNA bands. For the first positive control sample a
Culti-loop from Thermo Scientific was used containing Shigella flexneriI. The Shigella
flexneril DNA resulted in banding at the position consistent with a size of 619 base pairs
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which corresponds to the ipaH gene indicating that the sample is of the Shigella spp. The
internal control band was also present at a location corresponding to 401 base pairs
(Figure 5). For the second positive control sample came from a Culti-Loop from Thermo
Scientific containing Escherichia coli ATCC 25922 and resulted in the visualization of
bands at locations corresponding to 619 base pairs (ipaH gene), 401 base pairs (rrs gene
for the internal control), and 322 base pairs (LTI) (Figure 5). The sample from site 1 on
July 12th, 2019, resulted in bands corresponding to amplicons equivalent to 619 base pairs
(ipaH gene) and 401 base pairs (rrs gene). The sample from site 2 on July 12th, 2019,
resulted in bands at positions of 401 base pairs (rrs gene), 254 base pairs (aggR), and 190
base pairs (STIb gene) (Figure 5). The sample collected at site 3 on July 12th, 2019,
resulted in bands at 401 base pairs (rrs gene), 322 base pairs (LTI), and 254 base pairs
(aggR gene). The sample collected on August 7th, 2019, at site 1 resulted in bands at the
location of 619 base pairs (ipaH gene) and 401 base pairs (rrs gene) (Figure 5). The last
sample collected at site 2 on August 7th, 2019, did not result in any band corresponding to
the virulence genes being studied here, however, the internal control band was present
(Figure 5).
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Chapter 6
Discussion and Conclusion
Discussion
The maximum amount of the indicator bacteria Escherichia coli that can be
present within a body of water in order for it to be acceptable for recreational use as
designated by the Texas Water Code is 126 MPN/100 mL (Texas Commission on
Environmental Quality 2018b). Furthermore, the maximum amount of E. coli allowed for
swimming is 235 MPN/100 mL and the maximum allowed amount for boat or other
partial water contact activities is 575 MPN/100 mL (Rock and Rivera 2014). In this
study, water samples were collected from three sample sites along the upper Neches
River above Lake Palestine and tested to determine what the concentration of E. coli
within the river. At all sampling events occurring during the months of April through July
of 2019 E. coli was present within the sites (Figure 3). The average level of E. coli
present within each of the three sites throughout the sampling period was higher than 126
MPN/100 mL thus resulting in the sites not being suitable for recreational use. E. coli is
present within the large intestine of many warm blooded animals including humans, as
such it is a common bacteria present within fecal waste of such organisms (Odonkor and
Ampofo 2013). The bacterium is often used as a test for fecal contaminants within water
sources. In the case of the three sample sites within this study it is likely that runoff water
from surrounding agricultural processes such as cattle herds nearby the sample sites could
be the cause of the high levels of bacteria present. However, on April 30th, 2019, there
was a large sewage spill in the city of Tyler, Tx in which more than 100,000 gallons of
37

sewage was spilled directly upstream of site 1 (Mansfield 2019). It is highly probable that
this spill caused the spike in bacteria observed at sites 1 and 3 on April 30th. This is not
the first spill that has been reported as contaminating this waterway, as a similar spill was
reported in November of 2018 (Mansfield 2019). The overall measurements of bacterial
concentrations were lower for site 2 than they were for the other two sites, this is likely
because of the location of site 2 (Figure 3). The location of site 1 is downstream of Tyler,
Tx meaning that all of the pollution and contaminates coming from the city itself gets
carried downstream into site 1 (Figure 1). Farther downstream of site 1 is where site 3 is
located, the levels of bacteria present within the waters of site 3 are similar to the levels
present at site 1. Site 2, however, is not downstream of site 1 as it is coming down a
different river segment than the waters of Black Fork Creek (Figure 1). This means that
site 2 does not have as great of a likelihood of exhibiting the same pollution levels as
sites 1 and 3 as it is not downstream of the city (Figure 1). It is also unlikely that runoff
from precipitation event caused the increases of E. coli seen in the study as the spike was
not observed at site 2. There is also correlation between the precipitation events during
the sampling dates and the levels of E. coli, however, the increased levels of E. coli seen
during the second April sampling collection was higher than the levels seen at other
similar precipitation events; suggesting that the sewage spill was in fact the cause of the
increased E. coli levels observed on April 30th, 2019. The second increased level of E.
coli counts observed on June 25th, 2019 is most likely due to heavy precipitation events
causing sewage overflow (Figure 3).
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Because the average concentrations of indicator bacteria at all three sites were
above 126 MPN/100 mL the sites are not fit for recreational use as they are designated
(Figure 3). Furthermore, site 2 possessed two other impairments leading to its listing on
the Texas 303(d): depressed levels of dissolved oxygen and previously for pH levels
outside of the absolute maximal and minimal standards. Dissolved oxygen is an
important water quality assessment technique which can tell how well the overall
ecosystem of the water system is because it shows the amount of oxygen that is dissolved
per liter of water. Oxygen is essential for all aquatic organisms; oxygen can be dissolved
into water through the wind blowing as well as production from aquatic vegetation the
ideal range for dissolved oxygen should be between 7-9 mg/L and the minimum average
for site 2 is 4.0 mg/L (Slack 1971; Texas Commission on Environmental Quality 2018b).
The average dissolved oxygen for site 2 during the sampling period was 5.21 mg/L which
is above the minimum average and supports it being suitable for recreational use (Figure
4). When looking at the pH the absolute minima and maxima are 6.0-8.5 and the average
pH of site 2 during this study was 7.35 which is within this average suggesting that this
site is suitable for recreational use (Figure 4). However, it should be noted that the
recommended method for the collection of these parameters is through 24 hour sampling
protocols where in this study a short term probe technique was utilized, the results
determined through the use of a 24 hour monitoring system may yield results contrary to
what was found here. It should also be noted that on July 9th, 2019, the dissolved oxygen
level measured at site 2 was quite a bit lower than previously recorded (Figure 4). This
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may be due to malfunction of the probe or from some other factor. A longer-term study
involving more sampling events would help to yield more accurate results.
The biomonitoring results suggest that none of the 3 sites can support healthy
aquatic communities. The ALU determined by the B-IBI for all three sites when looking
at kick net samples suggests that the sites are limited in their usage by benthic
macroinvertebrates (Table 4). These results suggest that most of the species expected to
be present in this region were absent and that species that are sensitive to pollution were
also absent within these samples (Texas Commission on Environmental Quality 2018b).
The B-IBI scores for the surber samples collected at sites 1 and 2 suggest that the aquatic
communities may not be as low in health as the kick net samples (Table 4). The surber
sample collected at site 2 on July 12th, 2019, resulted in a score of 21 and an ALU of
intermediate suggesting that the community have moderate diversity and species richness
and may include a low abundance of those species sensitive to pollutants (Table 4). The
surber samples taken at site 1 on the two separate dates show a difference in the results.
The sample taken during July suggests that the aquatic life usage of the site was limited,
whereas, in August it suggested that it was intermediate. This difference may indicate
that the community was beginning to recover after the sewage spills contaminating the
area. Benthic macroinvertebrate communities are used as an assessment of water quality
because of their sensitivity to pollutants (Lenat 1988). Thus, their immediate response to
a high level of contaminate being introduced may be evident during the July sampling,
and as the contaminate was washed downstream the community may have been able to
recover. Further testing would need to be conducted to confirm this. The surber
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conducted at site 2 during July indicated that the ALU was intermediate for this sight
suggesting that the communities are still being greatly impacted by negative factors
(Table 4). Examining the scores for the IBI and HQI for the 3 sample sites suggests that
the aquatic communities are not displaying as large of an impairment based on pollutants
as the B-IBI scores suggest. Site 1 had an ALU of intermediate when sampled in July
based on the IBI while site 2 had an ALU of limited in July and High in August (Table
4). These results suggest that impairment is seen but is not as evident as with the
macroinvertebrates. Fish are widely used as biomonitors because of their biological
characters and their advantages as indicators of aquatic ecosystem health; however, since
fish have greater diversity in their feeding habitat than macroinvertebrates they are not as
prone to showing differences in small scale issues (Lopez-Lopez and Sedeno-Diaz 2015).
The HQI for all three sites indicated that the habitat is not negatively impacting the
aquatic life use within the streams (Table 4). However, with more samples, greater
insight into community impacts may be observed.
Escherichia coli was measured within each of the sites throughout the sampling
period. To determine if the bacterial strains present within these sites had the potential to
cause harm to humans conducting recreational activities within these sites a PCR analysis
was completed on DNA samples extracted from the intestinal tract of Asian Clams
collected at these sites. Each positive control in this study resulted in the production of
bands corresponding to 619 base pairs and 401 base pairs (Figure 5). The band forming at
401 corresponds to the rrs gene which was the internal control for E. coli. The band
forming at 619 base pairs represents the ipaH gene indicating the presence of the invasive
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plasmid agent and indicates that either Shigella spp. or EIEC is present (Figure 5). With
the band on the first positive control being Shigella flexneril confirms that the PCR
worked accurately. The band on the second control which contained DNA from ATCC
25922 contained a band at 322 base pairs corresponding to the LTI gene indicates the
ability to produce a heat-liable enterotoxin indicating that this strain is within the group
ETEC which further validates the assay (Figure 5). The DNA extracted from the sample
collected at site 1 on July 12th, 2019, and on August 8th, 2019, contained bands at sized
619 base pairs and 401 base pairs. The presence of the ipaH gene (at 619 base pairs)
indicates the presence of the invasive plasmid agent and indicates that either EIEC or
Shigella spp. were present in this site at the time of sampling (Figure 5). These results
indicate that there is a chance that contraction of this bacteria could have occurred during
recreational activities within this site. At site 2 bacteria present in the stream on July 12th,
2019, indicated that it contained the STIb gene (at 190 base pairs) which indicates that the
bacteria possessed the ability to produce a heat-stable enterotoxin classifying the E. coli
as ETEC. The aggR gene (at 254 base pairs) was also observed at site 2 in July, 2019
indicating the possibility of the EAEC being present at this site. During the August
sampling date however, the results indicate that the bacteria present at the second site
contained no virulence genes and therefore may have been harmless to humans (Figure
5). Site 3 was only sampled during the month of July but indicated that the LTI, stx2, and
aggR genes (at 322 base pairs, 283 base pairs, and 254 base pairs respectively) were
present indicating that EIEC, EHEC, and EAEC were all present within the stream at this
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time. Accidental ingestion of any of the contaminated water allows for the possible
contraction of the bacteria in which symptoms can range from very mild to severe.
Conclusion
The health of aquatic ecosystems is important to the overall health of the
community because water is the basis for most living organisms and knowing whether
there are bacteria present and how this affects the function of the ecosystem allows for a
plan to be developed to improve the quality. In this study the presence of indicator
bacteria was assessed as well as the effect on the aquatic ecosystem. We found that
Escherichia coli is still present within all three study sites. The sites are also not fit for
recreational use as set by the TCEQ based on the results presented here. The biological
assessments indicated that the high levels of indicator bacteria, or the cause of these
increased levels, may be adversely affecting the aquatic ecosystems. Multiplex PCR
analysis has determined that bacterial strains present within these sites are potentially
harmful to human individuals enjoying recreational water activities at these locations.
More testing can allow for further insight into each of these topics.
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Appendix A. Tables

Table 1. DNA Extraction Data. Amount of tissue used for extraction of E. coli
DNA from the intestinal tract of Asian Clams.
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Table 2. PCR Primer Sequences. Forward and reverse primers corresponding to genes
associated with virulence attribute in different pathovars of E. coli.
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Table 3. Macroinvertebrate taxa collected in July 2019.
Order Family

Site 1

Site 2

Site 3

Amphipoda Gammaridae

4

97

8

Coleoptera Curculionidae

2

Dytiscidae

21

Elimidae

5

12

Gyrinidae

1

1

1

4

1

72

8

61

1

5

8

340

274

63

Hydrophiliidae
Corbicula fulminea
Diptera Certopogonidae
Chironomidae
Ptychopteridae

2

Tipulidae

5

5

Ephemeroptera Baetidae

6

4

Heptageniidae

6

Leptophlebidae

1

Hemiptera Corixidae

5

Neptidae

1

Veliidae

13

Isopoda Asellidae
Oligochaeta

6
197

Odonata Aeschnidae
Calopterygidae

1
1

Lestidae

2

Hydropsychidae

11

1

3

Tricoptera Hydroptilidae

Total

25

Corduliidae

Libellulidae

31

2
64

7

722

479

53

187

1388

Table 4. Water Quality Scores. B-IBI and IBI scores for 3 sites located in the Upper
Neches Watershed during July and August 2019.

Site #

Date

Collection Method

B-IBI score

ALU

Site 1

7/12/2019

Kick net

20

Limited

Site 2

7/12/2019

Kick net

20

Limited

Site 3

7/12/2019

Kick net

20

Limited

Site 1

7/12/2019

Surber

19

Limited

Site 2

7/12/2019

Surber

21

Intermediate

Site 1

8/7/2019

Kick net

20

Limited

Site 2

8/7/2019

Kick net

21

Limited

Site 1

8/7/2019

Surber

29

Intermediate

Site #

Date

Collection Method

IBI score

ALU

Site 1

7/2/2019

Electrofishing

40

Intermediate

Site 2

7/12/2019

Electrofishing

32

Limited

Site 2

8/7/2019

Electrofishing

42

High

54

Table 5. Macroinvertebrate taxa collected in August 2019.
Order Family

Site 1

Site 2

Amphipoda Gammaridae

1

5

Coleoptera Dytiscidae

5

11

Elimidae

23

1

Gyrinidae

27

Hydrophilidae

6

Corbicula Fluminea
Diptera Ceratopogonidae
Chironomidae

319

47

4

3

140

289

Tabanidae

1

Tipulidae

6

Ephemeroptera Baetidae

14

Heptageniidae

9
15

Hemiptera Notonectidae

6

Veliidae

8

Isopoda Asellidae

2
19

Megaloptera Corydalidae

2

Odonata Corduligastridae

8

Gomphidae

1

Oligochaeta

82

Plecoptera Perlidae

12
1

Trichoptera Hydropsychidae

55

Total

688

55

434

1122

Table 6. Fish Species. The species of fish that were collected at both sites during July
and August of 2019.
Fish Species
Ameiurus natalis

Site 1

Site 2

Site 2

7/12/2019

7/12/2019

8/7/2019

4

5

Aphredoderus sayanus
Cyprenella venusta

13

16

17

Esox americanus

1

Etheostoma histrio

5

Etheostoma proeliare

3

Fundulus notatus

1

Gambusia affinis

2

Ictalurus punctatus

2

Lepisosteus oculatus

1

4

Lepomis gulosus

3

Lepomis macrochirus

3

5

5

Lepomis miniatus

2

1

1

Lythrurus umbratilis

2
9

2

Micropterus punctulatus
Micropterus salmoides

1

Minytrema melanops

3

Percina macrolepida

2

Percina shumardi

1

Percina sciera

5
Total

1

42

48

56

30

120

Table 7. Habitat Quality Index. HQI scores for all three sites during July of 2019.

Site #

Date

Score

HQI

Site 1

7/12/2019

20

High

Site 2

7/12/2019

23

High

Site 3

7/12/2019

21

High
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Appendix B. Figures

Figure 1. Map of Sample Sites. TCEQ Sample sites located on the Upper Neches River
above Lake Palestine. Site 1 is located off County Road 46 downstream of Tyler, Tx. Site
2 is located off US highway 64 and is the only site not downstream of Tyler, Tx. Site 3 is
located at a public park in Chandler, Tx and is downstream of both sites 1 and 2.
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Figure 2. Flooding of Site 3 A) The boat ramp located at site 3 allowing public access to
the Neches River shown here at normal flow. B) Chandler River Park located at site 3
shown here at high flow.
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Figure 3. Escherichia coli Densities and Precipitation. Densities of E. coli at all 3 sites
during the months of April through July 2019 and the precipitation during the sampling
period.
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Figure 4. Water Metrics. Dissolved oxygen and pH measured at site 2 between April and
July 2019.
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Figure 5. Multiplex PCR Results. PCR results shown on a 2% agarose gel stained with
Ethidium Bromide. L=100 bp Ladder from New England BioLabs. -= negative control,
water. 1= positive control 1. 2= positive control 2. A-E= Samples A-E from Table 1.
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